TEM/STEM Investigations of Phase Change Materials
for Non-volatile Memory Applications

Manuel Bornhofft

c
S
2
©
3]
o
123
«
<
N
=
o
c
£
©
T
©
=
=
—
S
=
)
o
€
)
=

I f t. o0
o a7 #) 0LICH

ISBN 978-3-95806-221-4 FORSCHUNGSZENTRUM



Forschungszentrum Jilich GmbH
Peter Griinberg Institute (PGlI)
Microstructure Research (PGI-5)

TEM/STEM Investigations of Phase Change
Materials for Non-volatile Memory Applications

Manuel Bornhofft

Schriften des Forschungszentrums Jilich
Reihe Information / Information Band / Volume 47

ISSN 1866-1777 ISBN 978-3-95806-221-4



Contents

Contents

1€ To 11 T3 1o o [PPSR 3
2 Main objectives Of this theSiS .........coeiiiiiiiiii e 11
2.1 Crystallization kinetics of AIST and GeTe thin films ..........ccccccviiiiins 11
2.2 TEM investigations of AIST line-cell cross sections............ccccceeeeeeeieicinnnnneen. 12
2.3 Nano area diffraction of Sb,Tes platelet intermediates..........ccccceeevvviiiiinnnenn. 12
2.4 TEM/STEM investigations of a Ge1Sb,Te4 layer grown by MOVPE................ 12
3 Crystallization kinetics of phase change materials ..............cccccciiiiiiiiiic e, 13
B NUCIEALION ... 17
3.1.1 Homogeneous crystal nucleation............cocueeiiiiiiiiin e 17
3.1.2 Heterogeneous crystal nucleation ............cccceeeeiieiiiiiieeeeeeeeeeeees 22
3.2 GrOWEN e 24
3.3 The role of the amorphous phase in phase change materials........................ 25
4 Electrically switched phase change deviCes .........cccceeiieiiieiiiiiiiiiieeeveeeeeeeeeaea 29
5 Interfacial phase change materials ..............cveeeiiiieei i 32
B EXPEIiMENTAL.... ..o i e e e aaaaeeens 33
6.1 EleCtrON MICIOSCOPY ..ceeiiiieiiiiiteiee et e e e e e e e e e 33
6.1.1 Electron interaction with matter ............ccoo s 36
6.1.2 Scanning electron MICrOSCOPES.......ccivrrriiiiiiieei e 38
6.1.3 Focused ion beam and dual-beam FIB............cccccoiiiiiiiiiii e, 40
6.1.4 Transmission electron MICrOSCOPES .........cccuvriiiiiieeeeeeieeiciiieeeeeee e e e e e 43
6.1.4.1 TEM bright field imaging ........ccccovoiiiiiii e 45
6.1.4.2 High resolution transmission electron miCroscopy .........ccccceveeeeeeeennnn. 47
6.1.5 Scanning transmission electron MiCrOSCOPES.........ccceviieciuriireieeeeeeeeeeiienns 48
6.1.5.1 STEM annular dark field imaging ...........cccccvvviiieiiniiieececc e 50
6.1.5.2 Nano area electron diffraction in STEM ..........cccccoiiiiiiiiiiiiiieeie, 51
6.1.5.3 Fluctuation electron microscopy in STEM.........ccccovveeveieeiiiicciiiiee, 56
6.2 Energy filtering to improve image quality in TEM and NAED ..............ccccoe. 62
6.3 Sample and TEM specimen preparation ............ccccceeeevieiiiiiiiieeeee e, 63

6.3.1 Phase change material multilayer stack sputter deposition on silicon
LT 0] (= USRS 64
6.3.2 AIST line cell on silicon substrate...........cccooooiiiii 65
6.3.3 Wet solvothermal synthesis of SboTe; hexagon platelets......................... 65
6.3.4 MOVPE of GST 124 on silicon substrate...........ccccccooiiiiiiiiiii s 66
6.3.5 Plan view TEM specimen preparation ..............cccoeoevveeveieeeeeiieiiiniienn 66



Introduction

6.3.6 Ex situ heating of plan view TEM window specimens............cccc.cccceeeiunnns 69
6.3.7 Cross section TEM lamella preparation...........ccccocuveeiiiiiieeeiiieene e, 70
A G- U PSSR 74
7.1 Crystallization kinetics of AIST and GeTe thinfilms ...........cccccceiiiiiiiiiiinnen, 74
7.1.1 TEM measurements of grain growth velocities of AIST and GeTe............ 74
7.1.1.1 Growth velocities of as deposited AIST ........ccccciiiiiiiiiiiieeeee, 76
7.1.1.2 Growth velocities of melt quenched AIST ......cccccvveeiiiiiiiiiiieeeeeeee, 78
7.1.1.3 Growth velocities of as deposited AIST and melt quenched AIST in
foTo] o] o 7= 1= o o 80
7.1.1.4 Growth velocities of as deposited GeTe ........ccccevvveeeeiiiiciiiiiiiieeeeee, 80
7.1.1.5 Growth velocities of melt quenched GeTe .......ccccceeieiiiiiiiiiiiineeeee, 82
7.1.1.6 Growth velocities of as deposited GeTe and melt quenched GeTe in
ToTo ] 0] o 7= 1< o] o U PSP 84
7.1.2 FEM of phase change thin film cross sections ............ccccccviiiiiiiiiincns 85
7.1.2.1 FEM of AIST Cross SECHONS .......uveiiiiiiiiie ettt 86
7.1.2.2 FEM of GeTe Cross SECHONS........ccuviiieeiiiiiiiiiiiiieiee e 88
7.2 TEM investigations of AIST line-cell cross Sections ...........cccccvvcveeviiicieenenns 90
7.3 Nano area electron diffraction of Sb,Te; platelet intermediates...................... 94
7.4 TEM/STEM investigations of a Ge1Sb,Te4 layer grown by MOVPE................ 99
7.4.1 TEM investigations of a Ge1SbaTeglayer ..o 100
7.4.2 HAADF HRSTEM investigations of a GeSb,Tey layer.................oo.... 102
S I T o1 L1 o o PR 106
8.1 Crystallization kinetics of AIST and GeTe thin films ..........ccccccviiiiiiniincns 106
8.2 TEM investigations of AIST line-cell cross sections...........cccccceeeeeeeieicivnnneee. 115
8.3 Nano area electron diffraction of Sb,Te; platelet intermediates.................... 116
8.4 TEM/STEM investigations of a Ge1Sb,Te4 layer grown by MOVPE.............. 119
1S I @ 111 o GRS 123
10 List of @bbrevations............oooiiiiiiiii e 125
11 BiblOGraphy ... s 129



I f t. [ 1]
bona Vo 47 #) j0LICH

ISBN 978-3-95806-221-4 FORSCHUNGSZENTRUM




	Titelei 47.pdf
	Leere Seite

	Leere Seite
	Leere Seite

